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Edited by Veli-Pekka LehtoAbstract We have shown previously that the C-terminal region
of the extracellular metalloprotease of Vibrio mimicus (VMC) is
essential for collagenase activity. Here, we demonstrate that
deletion of 100 amino acids, but not 67 amino acids, from the
C-terminus of the intact VMC protein (VMC61) abolished the
collagenase activity. The intervening 33-amino acid region con-
tains a repeated FAXWXXT motif that is essential for insoluble
type I collagen binding; the isolated 33-amino acid peptide bound
to insoluble type I collagen, while a peptide containing only the
ﬁrst FAXWXXT motif did not. Compared to the VMC61, the
33-amino acid peptide corresponding to the C-terminus exhibited
a similar binding aﬃnity and a lower binding capacity.
 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Vibrio mimicus is a pathogenic bacterial strain similar to V.
cholerae non-01 strain in its enteropathic properties. V. mimi-
cus produces a number of toxic substances such as phospholi-
pase [1], hemolysin [2], cholera toxin [3], heat stable
enterotoxin [4], hemagglutinin [5], and protease [6]. The extra-
cellular metalloprotease of V. mimicus has been shown to be
important for the enhancement of vascular permeability in
skin and ﬂuid accumulation in rabbit ileal loops [7].
Collagens are major protein constituents of the extracellular
matrix and the most abundant proteins in all higher organ-
isms. A signiﬁcant number of collagenolytic organisms associ-
ated with pathogenic processes involving the destruction of
collagen-containing tissues have been described [8]. Mamma-
lian matrix metalloproteases (MMPs), which include the mam-
malian collagenases, are involved in maintaining the correct
collagen homeostasis in normal tissues. The MMPs share a
common overall structure that includes a propeptide domain,
a catalytic domain, and a hemopexin C domain. The C-termi-
nal hemopexin C domain is known to be a collagen-binding
domain (CBD) [9]. In contrast to mammalian collagenases,
the functional domains of bacterial collagenases have not been
well investigated.*Corresponding author.
E-mail address: iskong@pknu.ac.kr (I.-S. Kong).
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doi:10.1016/j.febslet.2005.03.062Several metalloproteases have been isolated from various
strains of Vibrio sp., such as V. alginolyticus (VAC), V. anguil-
larum (EmpA), V. cholerae (Hap and VCC), V. ﬂuvialis (VFP),
V. parahaemolyticus (VPPRT and VppC), V. proteolyticus
(Nprv), and V. vulniﬁcus (VVP) [10–18]. In addition, an atyp-
ical strain of V. cholerae, V. mimicus, produces two metallo-
proteases, the 31-kDa VMP protein and the 61-kDa VMC
protein [6,19]. Previously, we showed that the intact VMC pro-
tein (VMC61) has a speciﬁc collagenase activity and that its
amino acid sequence is similar to those of VCC of V. cholerae,
VAC of V. alginolyticus, and VPPRT of V. parahaemolyticus
[20]. VMP protein of V. mimicus has biological activities sim-
ilar to those of Hap of V. cholerae. Several previous studies
have addressed the roles of the metalloproteases of Vibrio sp.
as virulence factors. To our knowledge, however, no descrip-
tion of their substrate-binding domains has been reported.
VVP and VFP are 45-kDa metalloproteases of V. vulniﬁcus
and V. ﬂuvialis, respectively. Autocatalytic removal of their
10-kDa C-terminal regions diminishes in the proteolytic activ-
ity towards soluble protein substrates such as casein and albu-
min [13,21]. We previously reported that a deletion of 100
amino acids from the C-terminus of VMC61 reduces its collag-
enolytic activity, whereas deletion of the distal 67 amino acids
resulted in a truncated protein with a collagenolytic activity al-
most equal to that of VMC61 [20]. These ﬁndings imply that the
C-terminal region of VMC61 participates in protease activity
by contributing either to the active site or to the binding region.
Since the catalytic domain corresponding to the active site was
preserved in the 67-amino acid truncated protein, it is probable
that the C-terminal 33 amino acids are mostly responsible for
binding to collagen and form the CBD of VMC61.
To conﬁrm this hypothesis, we examined the collagen-bind-
ing activity using recombinant proteins with various C-termi-
nal truncations and glutathione S-transferase (GST) fusion
proteins. The collagen-binding activity of the puriﬁed fusion
proteins and the untagged thrombin-digested peptide segment
was measured. In the present study, we found that a repeated
motif in the C-terminal region of VMC61 play a critical role
for the collagen-binding capacity.2. Materials and methods
2.1. Bacterial strains and plasmids
The metalloprotease gene of V. mimicus (vmc; AF004832) was previ-
ously identiﬁed, cloned, and sequenced [6]. We used the pVMC193
plasmid as a template for ampliﬁcation of the gene. Escherichia coliblished by Elsevier B.V. All rights reserved.
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metalloprotease plasmids, and E. coli BL21 (DE3) was used as the host
cell for overexpression of the GST-metalloprotease fusion peptides
from constructs based on pGEX-4T-1 (Amersham, Piscataway, NJ,
USA).2.2. Construction of expression plasmids and puriﬁcation of recombinant
metalloproteases
To prepare recombinant C-terminal truncated VMC proteins,
expression plasmids containing diﬀerent lengths of the metalloprotease
gene, vmc, were constructed by PCR ampliﬁcation with the appropri-
ate primers (Table 1). The PCR reactions were carried out on a ther-
mocycler 9700 (Applied Biosystems, Foster City, CA) as follows:
initial denaturation at 94 C for 10 min and 15 cycles of 30 s at
94 C, 30 s at 55 C, and 1.5 min at 72 C, followed by an additional
10 min at 72 C. The puriﬁed amplicons were digested with NdeI and
BamHI, the recognition sites of which were incorporated into the for-
ward and reverse primers, respectively. The digested fragments were
inserted into the pET22b (+) vector (Novagen, Madison, WI). The
His-tagged recombinant proteins were overexpressed in E. coli BL21
(DE3) and puriﬁed using the method described by Lee et al. [20].2.3. Assay of collagenase activity
The collagenase activities of puriﬁed recombinant metalloproteases
are determined as described by Lee et al. [20]. The reaction mixture
contained 0.1 ml of 0.5% gelatin, 0.1 ml of 150 mM Tris–HCl, pH
8.0, and 0.1 ml of the puriﬁed protease. It was incubated at 37 C
for 1 h and the reaction was stopped by addition of an equal volume
of 0.1 N HCl to the reaction mixture. The enzyme activity was mea-
sured by ninhydrin method. One unit of enzyme activity was deﬁned
as the amount which liberated peptides from gelatin equivalent in nin-
hydrin color to 1 lmol of L-leucine at 37 C for 1 h. The amount of
puriﬁed metalloprotease was determined by Bradford method de-
scribed previously [20].Table 1
Characteristics of the primers used in the construction of a series of pETM
tagged C-terminal truncated VMC proteins
Plasmid Primer Primer sequencea
pETMETA61 (see our previous report [6])
pETMETA61-I F1 5 0-GGCCCATATGGCAGAACAAGCCCAACGC-
RI 5 0-GGCCGGATCCGGTACAGATTGGTTGGC-3
pETMETA61-II F1 (As above)
RII 50-GGCCGGATCCGGTGTATCAAGCCAGAC-3
pETMETA61-III F1 (As above)
RIII 50-GGCCGGATCCGGCAAGCTTTCGACGTC-3
pETMETA61-IV F1 (As above)
RIV 50-GGCCGGATCCGGGCGCACCGCTAAGTA-3
pETMETA61-V F1 (As above)
RV 50-GGCCGGATCCGGAACAATATGCCCATG-3
aThe underlined letters in the primer sequences indicate the recognition si
plasmids.
Table 2
Characteristics of the primers used in the construction of pVMCBD express
Plasmid Primer Primer sequencea
pVMCBD-A GSTF1 5 0-CCGCGTGGATCCTTGGTACTGTCTCGACCA-
GRI 5 0-CGGCCGCTCGAGTGTAAAGATCGGCGTCGC-
pVMCBD-B GSTF1 (As above)
GRII 5 0-CGGCCGCTCGAGAGTTTCTGGCTCTGAAGG-
pVMCBD-C GSTF1 (As above)
GRIII 5 0-CGGCCGCTCGAGTGTATCAAGCCAGACTGC-
pVMCBD-D GSTF1 (As above)
GIV 5 0-CGGCCGCTCGAGTTGTTCACCTAAGTTTTT-
aThe underlined letters in the primer sequences indicate the recognition si
plasmids.2.4. Construction of plasmids for expression of GST-CBD fusion
proteins and puriﬁcation
DNA fragments encoding peptides from the putative C-terminal
CBD region of VMC61 were cloned in-frame with the GST gene to
produce constructs for the expression of GST-CBD fusion proteins
using PCR ampliﬁcation with the primers as described in Table 2.
The PCR reactions were performed and the puriﬁed amplicons were
digested with BamHI and XhoI, whose recognitions sites were incorpo-
rated in the forward and reverse primers, respectively. The digested
fragments were inserted into the pGEX-4T-1 vector to generate a series
of pVMCBD plasmids encoding GST-CBD fusion proteins. The fu-
sion proteins were puriﬁed on GST-sepharose columns (Amersham,
Piscataway, NJ, USA) according to the manufacturers instructions.
2.5. Collagen-binding assay
The collagen-binding assay was performed following the methods of
Matsushita et al. [22]. For each replicate sample, approximately 10 mg
of insoluble type I collagen from bovine achilles tendon (Sigma Chem-
ical Co., St. Louis, MO) were pre-swelled in 50 mM Tris–HCl, pH 8.0,
containing 5 mM CaCl2 and then centrifuged at 10 000 · g for 10 min.
The pellet of pre-swelled collagen was mixed with 0.1 mg of each puri-
ﬁed His-tagged recombinant metalloprotease or GST-CBD fusion pro-
tein, incubated for 6 h at room temperature, and ﬁltered through a
0.22-lm-pore-size low-binding Durapore membrane device (Millipore,
Bedford, MA) at 10 000 · g for 10 min. The ﬁltrate was then analyzed
on 12% SDS–PAGE slab gels. The GSTCBD-C fusion protein was
incubated with 10 units of thrombin at 25 C for 12 h to release the
peptide segment (VMCBD) from GST. The peptide fragment was re-
solved on a 12% Tricine–SDS–PAGE slab gel.
The binding aﬃnities of the VMC61 and the 33-amino acid VMCBD
peptide were determined by Scatchard plot analysis; the dissociation
constant (Kd) and the number of binding sites on collagen (Bmax) were
calculated for each preparation. Pre-swelled collagen (10 mg) was
mixed with 20–200 lg of the puriﬁed VMC61 or VMCBD peptide,
and the mixtures were incubated and ﬁltered as described above. TheETA61 expression plasmids and the encoded recombinant histidine-
Restriction
endonuclease
Amino acids encoded Expressed protein
Ala92–Thr628 VMC61
3 0 NdeI Ala92–Val592 VMC57
0 BamHI
NdeI Ala92–Thr561 VMC53
0 BamHI
NdeI Ala92–Leu528 VMC50
0 BamHI
NdeI Ala92–Arg515 VMC48
0 BamHI
NdeI Ala92–Val461 VMC42
0 BamHI
tes for the restriction endonucleases used in the construction of the
ion plasmids and the encoded GST-CBD fusion proteins
Restriction
endonuclease
Amino acids encoded Expressed fusion
protein
3 0 BamHI Leu529–Thr628 GSTCBD-A
3 0 XhoI
BamHI Leu529–Thr576 GSTCBD-B
3 0 XhoI
BamHI Leu529–Thr561 GSTCBD-C
3 0 XhoI
BamHI Leu529–Gln549 GSTCBD-D
3 0 XhoI
tes for the restriction endonucleases used in the construction of the
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a calibration curve for each protein/peptide was constructed using den-
sitometry.
2.6. Random mutagenesis of the CBD region
Random mutagenesis of the CBD region of vmc was conducted by
random mutagenesis PCR according to the methods of Song and Rhee
[23]. Two oligonucleotides ﬂanked by NdeI and BamHI restriction
sites, 5 0-GGCCCATATGGCAGAACAAGCCCAACGC-3 0 and 5 0-
GGCCGGATCCGCGGC-CGCTGTATCAAGCCAGACT-3 0, were
used as forward and reverse primers, respectively. The primers were
based on the sequence of pETMETA61-I (Ala92 to Thr561). After
PCR mutagenesis, the PCR products were digested with HindIII and
BamHI, and were ligated into the HindIII- and BamHI-digested pET-
META61-I plasmid. The ligated plasmids were transformed into E.
coli XL1-Blue. We screened the colonies that exhibited a lack of collag-
enolytic activity and analyzed the sequences of the corresponding plas-
mid to identify the mutated sites.Fig. 1. Collagenolytic activity of the VMC61 and C-terminal trun-
cated VMC proteins. (A) Graphical representation and collagenolytic
activities of the C-terminal truncated VMC proteins. The numbered
amino acids indicate the sites of the C-terminal truncations. HEYTH
is the conserved zinc binding motif of Vibrio metalloproteases. The
VMC61 and truncates were puriﬁed with Ni-NTA aﬃnity chroma-
tography and the protease activities were detected with gelatin as
substrate. The protease activities were measured by ninhydrin
method. The data are means ± standard deviations for at least three
independent experiments. (B) SDS–PAGE analysis of the puriﬁed C-
terminal truncated VMC proteins. M, molecular weight marker
(BioRad low range marker); lane 1, VMC61; 2, VMC57; 3, VMC53;
4, VMC50.3. Results
3.1. Puriﬁcation of the recombinant His-tagged proteins and
metalloprotease assay
We constructed plasmids for the expression of a series of
His-tagged C-terminal truncated derivatives of the VMC61
(Fig. 1A). The resulting plasmids were transformed into E. coli
BL21 (DE3), and the expressions of the truncated proteins
were induced by isopropyl-b-D-thiogalactose (IPTG). The ex-
pressed His-tagged proteins were puriﬁed by Ni-NTA aﬃnity
chromatography. The estimated molecular weights of puriﬁed
proteins corresponded precisely to the predicted molecular
weights of the recombinant proteins (Fig. 1B). The protease
activities of VMC61, VMC57, and VMC53 were almost same.
However, no protease activity was detected in the puriﬁed
VMC50 (Fig. 1A). Thus, truncated VMC proteins with more
than 100 amino acids deleted from the C-terminus lost all pro-
tease activity, whereas the deletion of fewer than 67 amino
acids resulted in no signiﬁcant change in activity as compared
to VMC61.
3.2. Collagen-binding activity of the recombinant C-terminal
truncated VMC proteins
Although the VMC50 retains the catalytic region, including
the HEXXH motif required for the binding of metal ligands by
metalloproteases, it did not exhibit collagenolytic activity [20].
Based on this result, we speculated that the loss of enzymatic
activity in the VMC50 may be attributable to a loss of the
capacity for collagen-binding. To investigate this hypothesis,
the puriﬁed VMC61, VMC57, VMC53, and VMC50 were
incubated with insoluble type I collagen and ﬁltered to retain
the collagen and any bound proteins. As shown in Fig. 2,
the VMC61, VMC57, and VMC53 were not detected in the ﬁl-
trates, indicating that these proteins had bound to the colla-
gen; however, the VMC50 was abundant in the ﬁltrate,
indicating that it had not bound to the collagen. These results
imply that the VMC50 could not bind to insoluble collagen,
which was consistent with the absence of protease activity
exhibited by this truncated protein.
3.3. Collagen-binding properties of GST-CBD fusion proteins
We also performed a collagen-binding assay using GST fu-
sion proteins containing peptides derived from the putative
CBD of the C-terminal region of VMC61. Interestingly, the33-amino acid stretch (Leu529–Thr561) that is not present in
VMC50 (as compared to VMC53) contains a repeated motif,
FAXWXXT. In order to examine the importance of this
repeated motif in collagen-binding activity, we generated
GST-CBD fusion proteins containing one or two FAXWXXT
motifs. The DNA sequences corresponding to Leu529–Thr628,
Leu529–Thr576, Leu529–Thr561, and Leu529–Gln549 were
ampliﬁed by PCR and incorporated into the pGEX-4T-1 vec-
tor to generate plasmids expressing the GST fused with pep-
tides: GSTCBD-A, -B, -C and -D, respectively (Fig. 3A).
The expressed GST-CBD fusion proteins were puriﬁed on glu-
tathione-sepharose columns, and the relative molecular
weights of the puriﬁed GSTCBD-A, -B, -C, and -D proteins
were estimated as 37, 35, 31, and 29 kDa, respectively, by
SDS–PAGE (Fig. 3B and C). When the collagen-binding as-
says were performed using the puriﬁed fusion proteins, the
GSTCBD-A and -B proteins bound to insoluble collagen
(Fig. 4A). Likewise, GSTCBD-C protein, which contains the
33-amino acid segment with the repeated FAXWXXT motif,
bound to collagen, whereas GSTCBD-D protein, which con-
tains only one FAXWXXT motif, did not (Fig. 4B). There
was no binding at GST protein alone to collagen (Fig. 4B,
lanes 5, 6).
To further deﬁne the collagen-binding properties of the 33-
amino acid peptide alone, the GSTCBD-C fusion protein
Fig. 3. Graphical representation of the GST fusion proteins contain-
ing peptides corresponding to the C-terminal CBD region of VMC61,
and SDS–PAGE analysis of the overexpressed GST-CBD fusion
proteins. (A) The sequences encoding peptides corresponding to the C-
terminal region from Leu529 to Thr628 were ampliﬁed by PCR with
the primers listed in Section 2 and cloned into the pGEX-4T-1
expression vector to generate four GST-CBD fusion proteins. The
black boxes indicate the Leu529–Thr561 region containing the
repeated FAXWXXT motif. The numbered amino acids indicate
the C-terminal amino acid. (B) The GST-CBD fusion proteins were
overexpressed in E. coli and analyzed by SDS–PAGE. M, molecular
weight marker; lane 1, GSTCBD-A; 2, GSTCBD-B; 3, GSTCBD-C; 4,
GSTCBD-D. (C) The overexpressed GST-CBD fusion proteins were
puriﬁed on glutathione-sepharose columns and the puriﬁed proteins
were analyzed by SDS–PAGE. M, molecular weight marker; lane 1,
Fig. 2. Collagen-binding activity of C-terminal truncated VMC
proteins. The VMC61 and various C-terminal truncated VMC proteins
were incubated with or without collagen at room temperature, and the
ﬁltrates were analyzed on SDS–PAGE gels stained with Coomassie
brilliant blue G250. M, molecular weight marker; lane 1, VMC61
alone; 2, VMC61 with collagen; 3, VMC57 alone; 4, VMC57 with
collagen; 5, VMC53 alone; 6, VMC53 with collagen; 7, VMC 50 alone;
8, VMC50 with collagen.
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VMCBD peptide. The reaction mixture was then incubated
with collagen, and the unbound fraction was examined on a
Tricine–SDS–PAGE gel. After thrombin digestion of
GSTCBD-C protein (Fig. 5, lane 1), three bands correspond-
ing to thrombin (37 kDa), GST protein (26 kDa), and the
33-amino acid VMCBD peptide (3.7 kDa) were detected.
When the thrombin-treated sample was incubated with colla-
gen, the VMCBD-C peptide was not detected in the unbound
fraction, conﬁrming that the peptide itself bound to collagen
(Fig. 5, lane 2). In addition, we performed random mutagene-
sis at the L528–G526 region containing CBD in VMC61, and
obtained 50 colonies. Among these colonies, a plasmid was iso-
lated from one colony that was deﬁcient in protease activity on
gelatin agar plate. Analysis of the sequence of this plasmid re-
vealed that Phe residue in the second FAXWXXT motif of the
predicted amino acid sequence was changed to Leu.
3.4. Kinetics of collagen binding of VMCBD peptide and
VMC61
The binding aﬃnities of VMCBD peptide and VMC61 to
collagen were compared with varying the amounts of 20–
200 lg. After electrophoresis with the ﬁltrates from binding
reactions, the gels were stained and density of each lane repre-
senting was measured. The binding aﬃnity was calculated by
Scatchard plot analysis (Fig. 6). From the result of Scatchard
plot, the Kd of VMCBD peptide and VMC61 were 4 · 106
and 2.1 · 106 M, respectively. The Bmax of VMCBD peptide
and VMC61 were 2.5 · 1010 mole/mg of collagen and
2.8 · 106 mole/mg of collagen, respectively.GSTCBD-A; 2, GSTCBD-B; 3, GSTCBD-C; 4, GSTCBD-D; 5, GST.4. Discussion
The C-terminal regions of mammalian MMPs and some
bacterial collagenases are known to be CBDs, as shown by
the loss of collagenase activity after deletion of the C-terminal
region [24]. Vibrio metalloproteases contain an N-terminal sig-
nal peptide, a cleavage site, and a catalytic domain that in-
cludes the zinc-binding motif (HEXXH) [25]; however, therole of the C-terminal region has not yet been identiﬁed. To
our knowledge, the present report is the ﬁrst to identify the
CBD in a Vibrio metalloprotease.
Among the known collagenases, mammalian MMPs have
been studied in more detail than bacterial collagenolytic prote-
ases. MMPs are larger than bacterial collagenases and contain
various arrangements of substrate-binding domains, including
Fig. 4. Collagen-binding activity of GST-CBD fusion proteins. The
puriﬁed GST-CBD fusion proteins were incubated with or without
collagen and the ﬁltrates were analyzed by SDS–PAGE. (A) Lane 1,
GSTCBD-A alone; 2, GSTCBD-A with collagen; 3, GSTCBD-B
alone; 4, GSTCBD-B with collagen; M, molecular weight marker. (B)
M, molecular weight marker; lane 1, GSTCBD-C alone; 2, GSTCBD-
C with collagen; 3, GSTCBD-D; 4, GSTCBD-D with collagen; 5, GST
alone; 6, GST with collagen.
Fig. 6. Scatchard analysis of binding of VMC61 and VMCBD peptide
to collagen. Various amounts of puriﬁed VMC61 () or VMCBD
peptide () were incubated with 10 mg of collagen for 6 h. The ﬁltrates
were subjected to SDS–PAGE and Tricine–SDS–PAGE analysis, for
VMC61 and VMCBD peptide, respectively, and the amount of protein
or peptide was calculated by densitometry of the corresponding band.
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gion [26]. The CBDs of bacterial metalloproteases are much
smaller than the CBDs of mammalian MMPs (100 amino
acids for clostridial CBDs, compared to 200 amino acid resi-
dues for hemopexin-like domains in MMPs) [27]. In this study,
we prepared C-terminal truncated derivatives of the VMC61,
and their collagenolytic activities were measured by the ninhy-
drin assay. The results showed that the truncated VMC53 con-Fig. 5. Collagen-binding activity of VMCBD peptide. The untagged
33-amino acid peptide from Leu529 to Thr561, VMCBD peptide, was
generated by digestion of GSTCBD-C with thrombin. The digested
mixture was then incubated with collagen. The ﬁltrates were subjected
to Tricine–SDS–PAGE analysis, and the gels were stained with
Coomassie brilliant blue G250. M, molecular weight marker; lane 1,
thrombin-digested GSTCBD-C alone; 2, thrombin-digested GSTCBD-
C incubated with collagen.taining more 33 amino acids in C-terminus than VMC50
exhibited collagenolytic activity similar to that of the intact
protein. On the other hand, VMC50 lacked collagenolytic
activity. On the basis of this result, we ﬁnally identiﬁed that
33 amino acids in C-terminus of VMC61 play an important role
for collagen binding by using various GST fusion proteins.
To date, the collagen-binding regions of bacterial collagen-
ases have been well characterized in the ColG and ColH colla-
genases from Clostridium histolyticum [22]. According to
Matsushita et al. [28], clostridial collagenases contained four
segments in their molecules and were classiﬁed into class I
and class II by homology comparison of each segment. C. hist-
olyticum ColG and C. perfringens ColA belong to class I con-
sisting of segments 1, 2, 3a, and 3b, while C. histolyticum ColH
belongs to class II consisting of segments 1, 2a, 2b, and 3. The
segment 3 (S3) was considered as a minimal region requiring to
form a CBD. S3 in class I collagenase forms tandem repeating
structure, S3a and S3b, and showed high homology between
these segments. S3a and S3b had respective collagen binding
activities and addition of S3a to S3b exhibited the most eﬃ-
cient binding to collagen [29]. In contrast to class I collagenase,
S3 fragment in class II collagenase had only one CBD. These
clostridial proteins were relatively large in molecular weight;
ColG, ColH, and ColA were 116, 116, and 120 kDa, respec-
tively. Those had S3 fragment containing CBD in C-terminus
commonly and all of S3 fragments consisted of about 110 ami-
no acids. In this study, we identiﬁed that the VMC61 con-
tained CBD in C-terminus like as clostridial collagenases.
However, molecular weight of VMC61 was much smaller than
those of clostridial collagenases. And CBD of VMC61 was
only composed of 33 amino acids which can bind to insoluble
collagen to the same extent as the VMC61. Especially, there
was no similarity between the VMCBD peptide sequence and
clostridial S3 fragment sequence. These results indicate that
the mechanism for collagen-binding of VMC61 may be diﬀer-
ent from those of collagen-binding of clostridial collagenases.
Previously, we classiﬁed the metalloproteases of Vibrio sp.
into two distinct categories according to the amino acid se-
quences. Class I Vibrio metalloproteases included Hap, VVP,
VVF, and NprV, and class II Vibrio metalloproteases included
VMC, VPPRT, and VAC [6]. The class I Vibrio metallopro-
teases have a large signal peptide region and a zinc-binding
motif (HEXXH) that includes an extra glutamic acid near
the motif. The class II Vibrio metalloproteases have a HEXXH
motif only. The two classes of Vibrio metalloproteases exhibit
diﬀerent biochemical properties. The intact VMC (VMC61)
Fig. 7. Amino acids alignment of the FAXWXXT motifs in the
collagen-binding region of Vibrio mimicus with those of other class II
Vibrio metalloproteases. VMC, metalloprotease from V. mimicus,
Accession No. AF004832; VCC, metalloprotease from V. cholerae,
Accession No. AF109145; VPPRT, metalloprotease from V. parahae-
molyticus, Accession No. Z46782; VAC, metalloprotease from V.
alginolyticus, Accession No. X62635. The conserved amino acids are
indicated in boldface type. The alignments were performed with the
CLUSTAL W program.
2512 J.-H. Lee et al. / FEBS Letters 579 (2005) 2507–2513belonging to class II enzyme degrades collagen, but does not
degrade other soluble protein substrates such as casein and
albumin. In contrast, in class I Vibrio metalloproteases such
as VVP and VFP, the autocatalytic removal of part of the
C-terminal region results in changes in the substrate speciﬁcity.
Full-length class I metalloproteases exhibit proteolytic activity
with a wide range of substrates, including albumin, casein,
elastin, and collagen. The autocatalytic removal of the C-ter-
minal region has not been detected in class II Vibrio metallo-
proteases, including VMC61.
Another class II Vibrio metalloprotease, VPPRT, also exhib-
its collagen-speciﬁc activity and does not degrade albumin or
casein [30]. Distinct diﬀerences in the CBD region further sup-
port the classiﬁcation of Vibrio metalloproteases into classes.
The C-terminal regions of class I metalloproteases do not con-
tain the FAXWXXT motif that we identiﬁed in VMCBD pep-
tide. This result suggests that the binding mechanism of class
I Vibriometalloproteases is probably diﬀerent with that of class
II metalloproteases. As shown in Fig. 7, the CBD regions of
class II Vibrio metalloproteases are highly homologous; in par-
ticular, the ﬁrst FAXWXXT motif in the CBD region of VCC,
VPPRT, and VAC shows 71%, 86%, and 57% identity with that
of VMC, respectively, while the second motif is highly con-
served in all class II Vibriometalloproteases. This analysis indi-
rectly supports our experimental result that the second
FAXWXXTmotif plays amore critical role in collagen binding.
The result of random mutagenesis in the CBD region also sup-
ported the importance of second motif in collagen binding. We
found that the substitution of Leu for Phe555 in the second
FAXWXXTmotif of the CBD region was associated with a loss
of collagenase activity. Further work using site-directed muta-
genesis is in progress to investigate which amino acid residues
of the 33-amino acid CBD region are important for collagen
binding and how the FAXWXXTmotifs interact with collagen.
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